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Abstract 
This paper presents the development of a novel solar-powered adsorption cooling tube. The tube consists of adsorbent 
bed (solar collector), condenser, and evaporator, all in one unit.. Activated Carbon-Methanol is used as a working 
pair to suit cooling and refrigeration applications.   From the experimental studies of the tube results all year round, 
performance and  produced cooling are evaluated as well as   recommendations and conclusions for best performance 
are presented  
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1. Introduction 
 
In recent years researches show that adsorption systems are most promising technologies to produce 
cooling due to their simple designs and operations.  The adsorption solar system in its simplest form is a 
closed system composed of the container of adsorbents and adsorbate (sorption bed), which serves as a 
solar collector, a condenser and an evaporator. The cycle of this system is divided into two periods: First, 
the adsorbent is heated by solar energy during the day and the desorbed adsorbate is condensed. Then the 
adsorbent is cooled after sunset, thereby re-adsorbing the adsorbate, the evaporation of which produces 
the cooling effect.  Different pairs depending on the purpose of the cooling system are used. Activated 
carbon methanol is one of working pairs most commonly used in adsorption. The COP (coefficient of 
performance) is the largest when activated carbon pairs with methanol [1]. 
Although, the alternation of heating and cooling during the cycle perfectly suits the intermittent nature of 
solar energy, yet efficient operation of the system requires high rates of heat transfer besides mass transfer 
in and out of the adsorption system.   Widespread application of adsorption system  not only suffer from  
poor heat and mass transfer performance but also from low operating reliability because high vacuum 
must be maintained in the adsorption cooling system,  In addition, all solar systems usually suffer from the 
large variations in ambient conditions between winter and summer, which makes these systems inefficient 
for part of the year. In the last two decades, several studies propose different developed systems which 
allow a good compromise between, high reliability, and good performance. From those studies, simple 
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tubular module is considered as one of the most efficient configurations [2, 3]. To overcome the 
previously mentioned problems. The adsorption tubular module is a tube in which an adsorber, a  
condenser and an evaporator are all completely housed to construct a small scale adsorption cooling unit. 
Mathematical models and simulations are carried out to optimize performance of the adsorption cooling 
tubular modules [4, 5, 6, and [7].  Experimental investigations for different adsorption tube designs had 
been studied in [8]. A study of different solar types of solar reflectors to heat the adsorption system had 
been studied by [9, 10].  Heat pipes can also used in adsorption refrigeration systems to improve the 
performance of the systems [11]. The effect of the weather conditions on the performance of the 
adsorption solar cooling systems is intensively studied by [12, 13].  In [14] all year round operation of the 
solar ice maker is studied and the difference between its summer and winter performance was evaluated  
 
2. Experimental Work 
 
The experimental work has been carried on two steps: 
1-Design and indoor tests of the adsorption cooling tube to optimize its operating design parameters 
2-Design and out door tests of multi solar tubes system under actual climatic conditions of Cairo, Egypt 
(30 o latitude) to determine and evaluate its performance all year round 
 
2.1. Design and Indoor Tests of the Solar Tube 
 
A schematic diagram for the novel design of the solar adsorption tube is shown in Fig.1. The solar tube is 
of cylindrical shape but its components have different diameters. The adsorption bed is made of copper 
tube of 2" diameter with 0.5 m length.  The condenser made of copper tube of 1  and the 
evaporator is a graduated glass   tube of 1.5" diameter.  The adsorber contains 0.5 kg of Activated Carbon 
(AC) and the evaporator contains (0.70 L) of Methanol  
 
2.1.1 Indoor Test Conditions: 
A test unit composed of a vacuum pump, pressure gauges, valves, calibrated glass container, heating 
elements were used for charging and testing the solar tubes.  Different designs of the solar tubes were 
designed and tested during heating and cooling to determine their performance and obtain optimum 
design parameters under the following conditions; Indoor tests are carried out with heating temperature 
not more than 110 oC and the AC used has a concentration ratio of Methanol between 0.2 and 0.08 in the 
range of temperatures between 20 and 110 oC 
 
2.1.2. Condenser Design and tests 
 
As shown in Fig.1, the condenser is welded with a number of copper circular rings of double the tube 
diameter to increase the heat transfer surfaces area.  Tests are carried out by using different numbers of 
the rings which able to condense the appropriate quantity of methanol. The number of rings tested is 
6,8,10. For comparison, plain tube as a condenser is also heated. The adsorbers are heated in an electric 
oven to determine the performance of the different condenser designs during the desorption of the 
methanol at about 110 oC. It is found that the condenser with 8 rings cause the maximum condensed 
desorbed Methanol. Increasing the number of circular rings more than 8 has no effect. It is also observed 
that the plain tube condensed only have the Methanol quantity.   
 
 2.1.3. Using consolidated mixture of AC and binding materials 
      
      To increase the AC density inside the tube, two kinds of consolidated materials are used.  Binding 
naturally organic material A and artificially adhesive material B. Comparison test is carried out during 
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cooling and adsorption process of the Methanol. It is found that Consolidated material with binding A 
adsorbs more Methanol than B which means that the porosity of the first type is more better than type B.  
The tubes contain in organic materials A and organic B are used during cooling (adsorption) to adsorb the 
methanol. Results show that using type B causes the evaporator temperature to be below oC. More 
methanol is adsorbed which means that porosity of the consolidated material B is better than A.  
 
2.2. Design and Outdoor Tests of the Solar Tube 
 
A system consists of four suggested solar tubes connected in parallel with a header, single condenser with 
(30 rings) and appropriate graduated evaporator is constructed. The system is placed in an insulated wood 
horizontal box and heated with a plane reflector as shown in Fig.2.  The angle of reflector inclination is 
chosen according the work of [15] to obtain maximum solar intensity concentration at noon time for each 
Month of the year. Thermocouples are used to measure different system components, pressure gauges for 
pressure measurements a pyrenometer to measure solar intensity  
 
 
 
 
 
 
 
                                                                                                       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2.1. All Year Round Test Results: 
Test results are carried out during different seasons of the year to determine the system performance in 
different seasons. Figs. 3, 4, 5 show the performance of three different days in Winter Seasons. Figs. (3, 
4) show the maximum adsorber temperatures reached in sunny and cloudy days respectively. In the same 
figures, same quantity of cooled water (7 kg/m2) temperatures is shown. In Fig.5, the maximum adsorber 
temperature reached in a sunny day and different cooled water quantity (9kg/m2) temperature.    
 
 
 
 
 
 
 
Adsorber (solar collector)  
Valve 
Evaporator 
Condenser 
Water box Insulation 
To 
Pressure 
Gauge 
Fig. 1 Adsorption solar tube Fig. 2 Adsorption solar multi tubes 
Fig. 3 Adsorber and cooled water temperatures, oC during dsorption system 
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From these figures we can observe the following performance in winter seasons 
 In sunny days of winter where total solar energy reached (450-500 W/m2 horizontal), maximum 
Methanol quantity is desorbed and fill the evaporator. 
 In cloudy day, about half the evaporator is filled. 
 The water temperature reaches below zero degree and ice is formed in both sunny and cloudy 
day Figs. (3,4), but with different ice quantity (7 and 4 kg /m2)   
 Increasing water quantity to 9 kg only cooled the water to 3-4 oC without forming ice. 
 It is concluded that in winter, system   operation depend mainly on heat of desorption resulted 
from heating solar intensity. 
 Adsorption is efficient in all cases during night as low ambient minimum temperatures are 
reached. 
 In all those experiment cooled water is placed as soon as desorption reach its maximum 
temperature. 
 
Experimental results of the adsorber system during spring season (April) are shown in Fig.6. Spring 
season in Egypt is characterized by hot and cold waves as well. The results of hot day are shown in Fig. 6.  
Cooled water is placed round the evaporator at the end of desorption (the adsorber is still hot). We found 
Fig. 4 Adsorber and cooled water temperatures, oC during dsorption system operation (winter, cloudy day, 
cooled water 4 kg/m2, ice formed) 
Fig.5 Adsorber and cooled water temperatures, oC  during dsorption system operation (Winter, sunny day, 
cooled water 9 kg/m2, no ice formed) 
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Fig. 7 Cooled water temperatures, oC during adsorption operation in summer at different water quantities (cooling start 
at 12 pm) 
Fig.6 Adsorber and cooled water temperatures, oC during dsorption system operation (Spring, sunny, hot 
day, cooled water 7 kg/m2, no ice formed) 
that for the same water quantity(7kg/m2) no ice is formed as the ambient conditions is still high and so the  
adsorber temperature  which may reduce cooling during adsorption. Although desorption is efficient 
during day, yet adsorption can not produce ice. It is concluded that cooling during night in hot days is 
very sensitive to ambient temperature and adsorber temperature during night 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is observed from Spring hot days that cooling is better started at mid night after adsorption bed is 
completely cooled down to ambient temperature. In summer season we start cooling at mid night to attain 
efficient desorption. Fig.7, show cooling different water quantities during similar days of summer 
climatic conditions. As shown from this figure, as quantity of water decreased, water temperature 
decreased. Cooling 50 kg/m2 water reaches about 10 oC (accepted for air conditioning and water drinking 
cooler). Reducing quantity gradually cause ice forming at water quantity equal 6.5 kg/m2. In this 
condition it can be used as ice maker. 
 
 
 
Conclusions 
 
A novel solar adsorption tube is designed, constructed and tested all year round under actual climatic 
conditions of Cairo, Egypt (30 oC latitude). Some design improvements are introduced to improve its 
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performance. Test results show that the tube performance in sunny days of winter is efficient as well as 
summer days, (7kg /m2 ice is formed). In cloudy winter days about 4 kg/m2 of ice is formed. Cooling of 
more than 7 kg/m2 of water causes cooling the water to 10 oC for 50 kg/m2 in summer which may widen 
the applications of the tube to be used as a water cooler or in air conditioning systems.  
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